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Abstract In this paper we present a new concept called time-neutrosophic soft expert set 
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Finally we present an application of this concept in a decision-making problem. 
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1 Introduction 


In some real life problems in expert system, belief system, information fusion, we must consider 
the truth-membership as well as the falsity-membership for proper description of an object in 
uncertain, ambiguous environment. Intuitionistic fuzzy sets introduced by Atanassov [1]. After 
Atanassov’s work, Smarandache [2,3] introduced the concept of neutrosophic set which is a 
mathematical tool for handling problems involving imprecise, indeterminacy and inconsistent 
data. In 1999 Molodtsov [4] initiated a novel concept of soft set theory as a new mathematical 
tool for dealing with uncertainties. After Molodtsov’s work, some different operation and 
application of soft sets were studied by Chen et al. [5] and Maji et al. [6]. Later, Maji [7| 
proposed neutrosophic soft sets with operations. Alkhazaleh et al. [8] generalized the concept 
of fuzzy soft expert sets which include the possibility of each element in the universe is attached 
with the parameterization of fuzzy sets while defining a fuzzy soft expert set. Alkhazaleh et 
al. [9] introduced generalized the concept of parameterized interval-valued fuzzy soft sets, where 
the mapping in which the approximate function are defined from fuzzy parameters set, and 
they gave an application of this concept in decision making. In the other study Alkhazaleh 
and Salleh [10] introduced the concept of soft expert sets where a user can know the opinion 
of all expert sets. Alkhazaleh and Salleh [11] generalized the concept of a soft expert set to 
fuzzy soft expert set, which is a more effective and useful. They also define its basic operations, 
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namely complement, union, intersection, AND and OR and give an application of this concept 
in decision making problem. They also studied a mapping on fuzzy soft expert classes and 
its properties. Sahin et al. [12] introduced the concept of neutrosophic soft expert sets. They 
also define its basic operations and give an application of this concept in decision-making 
problem. Our objective is to introduce the concept of generalized neutrosophic soft expert set. 
In Section 1, from intuitionistic fuzzy sets to neutrosophic soft expert sets are mentions. In 
section 2, preliminaries are given. In section 3, the concept of generalized neutrosophic soft 
expert set and its basic operations, namely complement, union, intersection AND and OR. In 
section 4, we give an application of this concept in a decision-making problem. In Section 5 
give conclusions. 


2 Preliminary 
In this section we recall some related definitions. 


Definition 1 [3] Let U be a space of points (objects), with a generic element in U denoted by 
u. A neutrosophic sets (N-sets) A in U is characterized by a truth-membership function T4,an 
indeterminacy-membership function I, and a falsity-membership function F'4. T4(u),La4(u) and 
F'4(u) are real standard or nonstandard subsets of [0,1]. It can be written as 


A = {(u, (Ta(u), La(u), Fa(u))) : u € U, Ta(u), La(u), Fa(u) € [0, 1]} 
There is no restriction on the sum of T4(u),l4(u) and F'4(u) so, 


0 < Ta(u) + I4(u) + Fa(u) < 3 


Definition 2 [7] Let U be an initial universe set and E be a set of parameters. Consider 
ACE. Let P(U) denotes the set of all neutrosophic sets of U. The collection (F', A) is termed 
to be the soft neutrosophic set over U, where F is a mapping given by F: A— P(U). 


Definition 3 [6] A neutrosophic set A is contained in another neutrosophic set B i.e. AC B 
if for all Ta(x) < Tp(ax), Ta(xz) < Ip(x), Fa(x) > Fe(x). Let U be a universe, FE is a set of 
parameters, and X is a soft experts (agents). Let O be a set of opinion, Z = E x X x O and 
AC Z. 


Definition 4 [12] A pair (F, A) is called a soft expert set over U, where F is a mapping given 
by F: A— P(U) where P(U) denotes the power set of U. 


Definition 5 [12] A pair (F, A) is called a neutrosophic soft expert set over U, where F is 
mapping given by 
F:A— P(U) 


Where P(U) denotes the power neutrosophic set of U. 


Definition 6 [12] Let (F,A) and (G,B) be two neutrosophic soft expert sets over the com- 
mon universe U. (F,A) is said to be neutrosophic soft expert subset of (G,B), if ACB and 
Tro (2)<Ta(e)(2), Inco (2) <Io(e)(2), / 

Fre)(x)>Fe(e)(x), for alle € A,z € U. We denote it by (F,A)C(G, B). 

(F, A) is said to be neutrosophic soft expert superset of (G,B) if (G,B) is a neutrosophic soft 
expert subset of (F,A). We denote by (F, A)>(G, B). 
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Definition 7 [12] Equality of two neutrosophic soft expert sets. Two (NSES), (FA) and 
(G,B) over the common universe U are said to be equal if (FA) is neutrosophic soft expert 
subset of (G, B) and (G, B) is neutrosophic soft expert subset of (FA). We denote it by 


(F, A) = (G, B). 
Definition 8 [12] Complement of a neutrosophic soft expert set. The complement of a neu- 
trosophic soft expert set (F,A) denoted by (F,.A)*° and is defined as (F,A)* = (F’,7A) where 
F° = AA — P(U) is mapping given by F’(x) =neutrosophic soft expert complement with 
Tre(x) = Fre), Lre(x) = Irie), Pre(x) = Tr(a): 


Definition 9 [12] An agree-neutrosophic soft expert set (F’, A), over U is a neutrosophic soft 
expert subset of (F', A) defined as follow: 


(F,A), = {Fi(m):me Ex X x {1}}. 


Definition 10 [12] An disagree-neutrosophic soft expert set (F’, A)o over U is a neutrosophic 
soft expert subset of (F', A) defined as follow: 


(F, A)o = {Fo(m):me Ex X x {0}}. 


Definition 11 [12] Let (H,A) and (G,B) be two NSESs over the common universe U. Then 
the union of (H, A) and (G, B) is denoted by “(H, A)U(G, B)” and is defined by (H, A)U(G, B) = 
(K,C), where C = AUB and the truth-membership, indeterminacy-membership and falsity- 
membership of (K,C) are as follows: 


Txe(m) = Trig(m),1f ec A—B 
=Tge)(m),if ee B-—A 
max(T(¢)(m), Tere(m)), if e€ ANB 
Txe\(m) = Iney(m), if e€ A-B 
=Igqe(m),if ee B-A 
_ n(n) + Feral) 


if e€ ANB 


Definition 12 [12] Let (H,A) and (G,B) be two NSESs over the common universe U. Then 
the intersection of (H, A) and (G, B) denoted by “(H, A)A(G, B)” is defined by (H, A)A(G, B) = 
(K,C), where C = AN B and the truth-membership, indeterminacy-membership and falsity- 
membership of (K,C) are as follows: 


Tk(e) (m) = min(Ty(e) (m), Tore) (m)) 
Tive)(m) + Ig(e)(m) 

2 
Fxe)(m) = max(Tr(e)(m), Tae)(™m)) 


Tx(e)(m) = 
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Definition 13 [13] Let U be an initial universal set and let E be a set of parameters. Let 
IY denotes the power set of all fuzzy subsets of U, let A C E and T be a set of time where 
T = {t1,to,t3,...,tn}. A collection of pairs (F, EF); for all t € T is called a time-fuzzy soft set 
T—FSS over U where F is a mapping given by 


Fee Aas”. 


3  Time-neutrosophic Soft Expert Sets 


In this section, we introduce the definition of time - neutrosophic soft expert sets and study 
some its properties. Throughout the paper, U is an initial universe, F is a set of parameters, T’ 
be a set of time where T = {t1, to, ts, ...,tn} , X isa set of experts (agents), and O = {agree = 
1, disagree = 0} is a set of opinions. Let Z = E x X x O and AC Z. 


Definition 14 A pair (F, A); is called a time- neutrosophic soft expert set over U, where F 
is a mapping given by where N(U) be the set of all neutrosophic soft expert subsets of U. Let 
AC Z andT be a set of time where T = {ti, to, t3,...,tn}. A time-neutrosophic soft expert set 
F¥ over U. A time- neutrosophic soft expert set F}' over U is defined by the set of ordered pairs 


Ff = {F(e), ule) :e € A, Fle) € NU), ule) € [0, 1]} 


where F' is a mapping given by F: A— N(U) and p is a fuzzy set such that wu: A I = [0,1]. 
Here F' is a mapping defined by F/': A— N(U). For any parameter e € A, F(e) is referred 
as the neutrosophic value set of parameter e, 1.e, 


FH(e) = {(u'/(Lr(e)(u), Lr (u), Fre) (u))}, 


Where T, I, F : U — [0,1] are the membership function of truth, indeterminacy and falsity of 
the element u € U respectively. For anyuEe€ U andeec A 


O0< Ta(u) + Ta(u) + Fa(u) <3. 


In fact FY is a parameterized family of neutrosophic soft expert sets on U, which has the degree 
of possibility of the approximate value set which is prepresented by pu(e) for each parameter e. 
So we can write it as follows: 


t t t t 
Uy U5 Us u 


bb _ n 
PO) =A) caay’ Fley(ua)’ Fle) wa)’ ”” Fle)(iany MO 
Example 1 Suppose that a company produces new types of smart phones and wants to take 
the opinion of some experts about these phones. Let U = {u,u2,u3} be set of phones, 
E = {e1,€2,e3} is a set of decision parameters where (e;,i = 1,2,3) denotes the parame- 
ters e; =screen, €2 = GHz, e3 = price and T = {ty, te, t3} be set of time. Let X = {p,q,r} be 
set of experts. Suppose that; 


ty 
Uy Ug Us 


Fe 1) =.————..:._ Oooo) 
1 (1,21) Gros, 0.2’ 0.6, 0.1, 0.87 0.5, 0.7, 0.2 


), 0.5} 
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F(e1,4 1) A {( 


F3'(e1,7; 1) = 1( 


ty 
U 
Fi (es, p, 1) = {( : 


uP 
FS (e2,q, 1) = {( . 


t3 
Uy 


Fe(eosr 1) ={ 
Fi(es,p,1) = {( 
FP (es,a,1) = 1 
P6551) = {(— 
Fi'(e1,p,0) = { 
FP (e1,4,0) = 1 
F(ex,1,0) ={ 
Ft(e2,7,0) = {a 
FH'(e2, 4,0) = { 
F(es,1,0) ={(—<— 
Fi'(es,,0) = {( 


Fy (es, q,0) = {( 


F3'(e3, 7, 0) = {( 


te 


0.3, 0.2, 0.5’ 0.5, 0.6, 0.2’ 0.8, 0.1, 0.4 


t 
Us: 


0.8, 0.4, 0.3’ 0.7, 0.3, 0.5’ 0.2, 0.6, 0.5 


t 
Uy" 


0.7, 0.3, 0.6’ 0.5, 0.1, 0.4’ 0.8, 0.6, 0.3 


te 
Ug 


0.6; 0.70.1" '0:8:0.450-7' 0:5,0:1,.0.7 


t3 
Ug 


0.5, 0.1, 0.8’ 0.9, 0.3, 0.6’ 0.4, 0.1, 0.7 


0.6, 0.3, 0.2’ 0.5, 0.6, 0.7’ 0.8, 0.1, 0.4 


tg 
Ug 


0.7, 0.3, 0.4’ 0.6, 0.2, 0.5’ 0.7, 0.4, 0.6 


ts 
Us? 


0.7:0:4:0:6" 0.5,0:3,0:6°,0,1, 0.4.02 


0.4, 0.1, 0.2’ 0.7, 0.3, 0.5’ 0.4, 0.1, 0.6 


t2 
Ug 


0.7,0:3; 0:5 0:6,0.2.0.4" 0,4,05,0-1 


0.6, 0.4, 0.3’ 0.7, 0.2, 0.6’ 0.4, 0.1, 0.3 


t 
Uy" 


0.5,0.1,0.7’ 0.4, 0.1, 0.5’ 0.7, 0.1, 0.4 


0.4, 0.3, 0.6’ 0.7, 0.2, 0.5’ 0.8, 0.1, 0.4 


ts 
Us 


0.3, 0.2, 0.6’ 0.4, 0.3, 0.5’ 0.5, 0.1, 0.4 


0:4,,0.3,0.6° 0.5, 0.1,0:60.6;0.2,.0:5 


t 
Us 


0.6;.0.2,,0277 0:8,0:1,04' 0:5,0:3,0.4 


0.5, 0.4, 0.6’ 0.6, 0.4, 0.3’ 0.7, 0.2, 0.1 


tg 
U3 


), 0.3} 


), 0.7} 


ty 
U3 


),0.1} 


t2 
U3 


), 0.8} 


t3 
U3 


), 0.6} 


ty 
U3 


), 0.7} 


tg 
U3 


), 0.6} 


t3 
U3 


), 0.4} 


ty 
U3 


), 0.3} 


t2 
U3 


), 0.2} 


t3 
U3 


),0.1} 


ty 
U3 


), 0.3} 


te 
U3 


),0.7} 


t3 
U3 


), 0.2} 


ty 
U3 


), 0.8} 


te 
U3 


), 0.5} 


tz 
U3 


),0.1} 


249 
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Definition 15 For two time-neutrosophic soft expert sets {T — NSESs} (EF, A) and (G7, B) 
over U, (EF, A) is called a time- neutrosophic soft expert subset of (G/, B) if, 

() BCA. 

(ii) for allt € T, e € B, G}(e) is time-neutrosophic soft expert subset Fy'(e). 


Example 2 Recall Example 1 such that; 


A= {(€1,D, 1) (€2,D, 1; (€2, q, 0), (€3, 7, 1)}, B= {(€1,D, 1); (€2, D, 1); (€3, 7, 1)} 


Since B is neutrosophic soft expert subset of A, clearly B C A. Let (G/,B) and (F}‘, A) be 
defined as follows: 


an 1 
(FY, A) = {[(e1,p, 1), (napama: DapToR OsorT) 0.5], 


U. 
(€2, p, 1), ta TT aOS 050104 imam 0.1], 


(€2,q,0), (crite cttnm anoa) 0.7], 
(es, r, 1), (a7 7,0. T0. 6? Sat ata) 0.4]}. 
(G?,B)= {[(e1,p, 1), (qagsae onsame ostem) 0.5), 
(€2, p, 1), ( T7050" 050,100" Tan 608) 0.1], 


us 
(e3,7, 1), (g 070.406) 050506? oe 0.4] }. 


a 


e, 
an 


Therefore (G?, B) C (F}', A). 

Definition 16 Two {T—NSESs}, (F#', A) and (G/, B) over U, are said to be equal if (Fy, A) 
is a{T — NSESs} subset of (G/, B) and (G/, B) is a{T — NSESs} subset of (F}', A). 
Definition 17 Agree-{T — NSESs}, (F/', A), over U is a{T — NSESs} subset of (Fy, A) 
defined as (F}', A)1 = {Fi(a): ae Ex X x {i}. 


Example 3 Recall Example 1. Then the agree- time- neutrosophic soft expert sets (FY, Z)1 
over U is 


(FP, 2). = ie .5,0.1,08 raerma): 0.5), 
, 0.3}, 


ue ut2 
oe 3 

O77. 
0.1), 


3 
TSOTOR 0.9.0,5008" 0.4,0.1,0.7 
Us us 
T0508 050,607 0.8, 0. 1,0.4 
us 
use 


Tras oH" 0.6,0.2,0.5? a7aa08): 
uss 


, 0.6}, 


(ortam TEAR attra): 0.4]}. 
Definition 18 A disagree-{T—NSESs}, (F#', A)o over U is a{T—NSESs} subset of (Fy', A) 
is defined as (F", A)o = {Fo(a) :aE€ Ex X x {OF}. 
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Example 4 Consider Example 1. Then the agree-time-neutrosophic soft expert sets (F}", Z)o 


over U is 
ty ty t 


(FI, Z)o = (loz —— rapa fe 


0.4,0.1,0.27 0.7,0.3,0.57 0.4,0.1,0.6 
tus? 

TO AUS) THO EOD O05 
uss uss 

oR 
us! uy 

0.5 DOF HO, 10S? 07,0104) 


us us 
0.3 EH TANTS: THETA 
us! uy 
TAO TTG OU TG WHT ES) 
se 
THAIOT URTV 15,504 


(s70508 pa0501)79 
( ),0 
(sapo7 ),0 
(sa03508 Spm aise) 
(sap 506 ),0 
(5 ),0 
(sap a07 Teo 304) 9 


oatane onto: orem) 0-1 - 
Definition 19 The complement of a time-neutrosophic soft expert set (F}', A) is denoted by 
(F!,A)° for all t € T and is defined by (Fi, A)° = (FK,AA) where FY : AA 3 IN) is 
mapping given by FEO (a) = {Tree = Fra), [rye = 1 - Tr(a), Frye = Tra) and p°(a) = 
1—p(a) for each a€ E.} 

Example 5 Recall Example 1. Complement of the time- neutrosophic soft expert set F/" 
denoted by FY’ © is given as follows: 


(c) uit us! us 
(F', 2) = {[(>e1,p, 1), Cea 
ug? 
TROSUS TIVAVS? OF0SR 
uss 
TEDROR: THO TOT WHOA 
us! 
TENTOT WANTS! WHO ATR 
uy 
Trg OTR OT ETS) 
uss 
TST OTT OTT 
us us! 

TROTOG OTOTOS WHO OT 
ue use 

TOT Tse On eT) 
up uss 

TOUGUT TUVTOS TIVO 


uz 

TROTOT OLS O10 50a) 
ui’ ui 

THOUS TOV SOT 050,00 
uz! 

OTOTUS THVT TA TANT): 
uz 

TOOTVH TSO SOT TANTO 
us ui 

TOORUS USVTOA OHO TTS 
uy us! 

TOU TVA TOV TTS THOTT 
uy use 

OT OSG TA ITS TLOTOS 
ue uss 

TH0ENS) 03,0506 010507 


( ), ( oto 708) 9 
( ), ( T5013) 9 
( ),( ),0 
( ), ( ),0 
( ), ( ),0 
( ),( ),0 
( ),( ),0 
( ),( ),0 
2120s sso aia 0 , 
( ),( ),0 
( ), ( o30 704) 9 
( ), ( ),0 
( sat ),0 
( ), ( ),0 
( ),( ),0 
( ),( ),0 
( ),( ),0 
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Proposition 1 /f (F}’, A) is a time-neutrosophic soft expert set over U, then 
(Gi) (FE Ay) =F 


( Ff, A) 
(ii) (CFF, A)i)® = (FF, Ado 
(iii) (FP, A)o)® = (FF, A) 


Proof (i) From Definition 19 we have (F}', A)* = (FEO , 7A) where, Fite a ) = Tree = 
Fre), Luray = 1 - Ira), Frye = Tra) and p’(a) = I- pla) Va € E,Vt € T. Now 
((F, A) = (FY), +A) where 
FLO) = [Tree = Fra); [rae = c 
= [Tray = Fray, Lr(a) = 
= [Tra) = Fray, Iria) = 
= Tifa) = = Fra); Ira) 
= (F}',A),Va € E,Vte 


Tra), Fr(aye = Tr(a), H(@) = 1 — n(a)] 
Tr(a)es Fr(a) = Tr(aye, H(@) = 1 — p*(a)| 
(I 


I — In(a)); Fr(a) = Tr(a); H(a) = 1 — (T— pe(a))] 


ie 
i 
ts 
Tr(a), F(a) = Trae, La) = L(@)] 


T. 


The proof of the propositions (ii)-(iii) are obvious. 


Definition 20 The union of two entities {T — NSESs} (F', A) and (G/, B) over U, denoted 
by “(FP, A)\U(G}, B)” is the {T-NSESs}(F}', A\U(G}?, B) = (Hf,C), where C = AUB and 
the truth-membership, indeterminacy-membership and falsity-membership of (H?,C) are as 
follows: 


Tr (e)(™m), ifec A—B; 
Tye(e(m) = ¥ Tane)(™); ifee BA, 
max(T'p(.)(m),Tene(m)), ifee ANB 
Tpe(e(m), ifeeA-—B; 
Tyee(m) = ¥ Lene (m), ifeEe B-A; 
min(I pe) (m), Lene) (m)), ife€ ANB 
Frre(e(m), ifecA-B; 
Fupe)(m) = 4 Fane)(m), ifeeB-A; 


and where Q(m) = max([{e)(m), palin 

Example 6 Suppose that (F/', A) and (G/, B) are two {T — NSESs} over U, such that 
el us! Ppa 

{[(er,p, 1), (oaps03 0.50.08" aap 703) 0.3), 


a 
(€2, D, 1), 6 TTS 050,10 aaitens) 0. 2], 


u ta to 
[(e2, 4, 9), (catigoe T7050" Tania) 0.6], 


aa A) = 


au“ 
(es, r, 1), Ga 050306 a): 0.5] }. 


ace uel 


(G7, B) a {[(e1, p, 1), (sagaon TEpIOa TaZNA) 0. 1], 
0.4], 
0.8] }. 


ty us! 
[(e2, p, 1), (sEoroT TROT OT rs07) 
t3 


us 
(ea, 7,1), emma amauees ee) 
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Then (Fi', A)U(G7, B) = (Hf, C) where 


(HP,C) = {[e,p,), (captim oxptra: omptara) 0.3], 
[(e2, B, 1), (5 TaOROT anos 70a) 0.4], 
[(e2, 4, 9), (crite aTEOS vaioa) 0.6], 
(es, 7,1), (g AEE — =) 0.8] }. 


Proposition 2 If (F}', A), (G?, B)and (H?,C) are three {T — NSESs} over U, then 
(i) (FR, A)U(G}, B)UCH’, C) = (FY, A)U (G?. BUCH’, C)) 
(ii) (FP, A)UCFF, A)C(FY, A). 


Proof 
(i) We want to prove that 


(Fi, A)U(G?, B)UCH?’, C) = (Ff, A)U((G?, B)O(H;’, C)) 


by using Definition 20. We consider the case when e € AM B as other cases trivial. Then 
we have 


CFF, A)U(G?, B) _ {(u’ max(T'p#(e) (m), Tee) (m)), min(I p+ (e) (m), Tene) (m)), 
min(F'rv(¢)(m), Fene)(m))), max(te)(™), Ne)(™) Ju € UF. 

We also consider the case when e € H as the other cases are trivial. Then we have 
(FP, A)U(G?, B)U(H?, C) 
= {(u'/max(Tp()(m), Tene)(m)), min( Tp ()(m), Ieney(m)), min(Fre()(m), Fene)(m))), 

max(l(e y(m), Ney(m m)), (u'/Ty2(6) (m), 179) (m), Fy) (m), max(fl(e) (m), Ne)(m), Qey(m) Ju € U} 
= = {u' ee we (m ); Tuo (m m), Fywe(m), (u'/ max(T}79(¢) (m), Tene) (m)), min(1779(¢) (m), L@n(e) (m)), 

min( F7y79(¢)(™m), Fgne)(™m))), max(M(e)(™), Ne(™M)), Max(U(e)(™M), Ne(™), Q(ey(™) Ju € UF 
= (FP, A)U((G?, B)U(H?, C)). 


(ii) The proof is straightforward. 
Definition 21 The intersection of two {T-NSESs} (F/', A) and (G/,B) over U, denoted by 
” (FH A)A(G?, B)” is the {T-NSESs}(F/, A)A(G?, B) = (K?,C), where C = ANB and the 
truth-membership, indeterminacy-membership and falsity-membership of (K?,C) are as follows: 


Tr (e(m), ifecA-B; 
1's (e) (m) = Tee) (m), iffeEe B-A; 

min(T'p(-)(m), Tene(m)), ifeEe ANB. 

Tpr(e(m), peek Bs 
Tx5(e)(™) = ¢ Igne(m), yee B= A; 


max (Ip (¢) (m), Tene) (m)), ife Ee ANB. 
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Free) (m), if e EA-B ; 
Pres(e\(m) = 4 Fane(m), 1 ee Be As 
max(F'pr(e)(m), Feney(m)), fee ANB. 
and where 6(m) = min({(e)(™m), e)(™m)). 


Example 7 Suppose that (F/', A) and (G/, B) are two {T — NSESs} over U, such that 


t a 


i us! 
(FPA) = {I[(er,p, 1), (saan Top-TOR 05,0. 7. 5), 0.3), 
ty 
[(e2, g, 1), (sroz0e TELA" TE0608)) 0.2), 
[(e2, 9,0), (oaoa08! CRATER ENEWS 0.6). 
ul ull us 
(G?,B)= {[(e1,p, 1), (amp5oT T5020" TH p20)" 0.1], 
Uy Ug 3 
[(es, 7; 1), a- 050505 na) 0.8] }. 


Then (F', A)A(G?, B) = (K?, C) where 


ty us! mal 
(K?,C) = {[(e1,p, 1), (qa v0 108 EE 0.1]}. 


Proposition 3 [f (Fi, A), (G7, B)and (K?,C) are three {T — NSES's} over U, then 
(i ) Cae A)N (Gi, B) UK, Cy= ~~ (Ee, A)N (Gi, B)A(K?, C)) 
(ii) (FP, AJACEE, A)C(FY, A). 
Proof 
(i) We want to prove that (F/*, A)A(G?, B)A(K?, C) = (FF, AJA((G7, B)A(K2, C)) by using 
Definition 21. We consider the case when e € AM B as other cases trivial. Then we have 
(FH, A)A(G?, B) = {(u'/ min (Tp ()(m), Tene)(m)), max(Ipr(e)(m), Lene(m)), 
max(F'p(e)(™), Fen(e)(m))), min(U(e)(m), Me)(™m) Ju € U5. 
We also consider here the case when e € K as the other cases are trivial. Then we have 
ey A)G?, B)n i AK, C) 
={(u'/ min(Tpr()(m), Ten(e)(m)), max(Ipy(e)(™m), Lene) (m)) max( Fre (e)(m), Feney(m))), 
min(J4c)(m), Me)(™)), (w'/T 5 (e) (™) Lies(e)(™), Ll ae 
={ul/T pute) (7), Lpuce)(™) Fico) (m™), (u'/max(T¢5(¢)(™),Tane)(m)), max(Lp5(¢)(m), Lgne)(m)), 


max(F'5(-)(™), Feney(m))), min(u(e)(™m), Ne(m eh a neo 
= (Ff, A)A((G?, B)A(K?, C)). 


m 


(ii) The proof is straightforward. 


Proposition 4 If (Fi', A), (G7, B)and (K®,C) are three {T — NSESs} over U, then 
(i) (FP, A)U(G?, BYNCK?, C) = (RE, AACA? C))O((G?, B)A(E?, C)). 
(ii) (FM, A)A(G?, B)OCK?, C) = (FH, A)U(K?, C))A((G?, B)O(K?, C)). 
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Proof The proofs can be easily obtained from relative definitions. 


Definition 22 If (F/', A) and (G/, B) are two {T-NSESs} over U, then ”(F}', A) AND (G?, B)” 
denoted by (Fi, A) \ (G/, B) is denoted by 


(Fi, A) A (G?, B) = (H;’, A x B) 


such that Hf (a, 8) = Fi(a)NG] (3) and the truth-membership, indeterminacy-membership and 
falsity-membership of (Hf, A x B) are as follows: 


Ty2(0,8)(™) = min(T'r(q)(™), Tenay(m)), 


1179 «,8) (m) = max(Ip#(q) (m), Ing) (m)), 
Fy72(,3)(M) = max(F rr (q)(™), Fanay)(m)), 
and Q(m) = min(pe)(™), Me(m)), Va € A,VGBE B, for allt eT. 
Example 8 Suppose that (F\", A) and (G/, B) are two {T — NSES's} over U, such that 


act 


ail ty 
(FP, A) = {[(e1, P, 1), (aap'sms: opto Tos 0.4], 
1 ty 
[(es, 7,0), (Geos OCHETUE a) 0.3] }. 


qe ull 


(G?,B)= {[(e1,p,1), (oxgam oagiame: optima) 0.5), 
[(€2, 4, 0), (ao 070.106" ans): 0.6]. 
Then (F}', A) A (G/, B) = (H2, A x B) where 


ty 


(HPA B) = {{(e1,p. 1}. (e121) saaan marr aap) 0-4 
[(e1, p, 1), (€2, 4, 9), (crags Tne DadsT 0.4], 
(¢3,7,0), (e1,P.1), (gatas amiga cers): 0-3), 
(es, 7,0), (¢2,4,0), (rites: omer poeree) 0-3)}. 
Definition 23 If (F}', A) and (G/, B) are two {T-NSESs} over U, then ”(F', A) OR (G/, B)” 
denoted by (F}', A) V (G/, B) is denoted by 
(FY, A) v (G7, B) = (K?, A x B) 


such that K?(a, 3) = FK(a) UG} (8) and the truth-membership, indeterminacy-membership and 
falsity-membership of (K°,A x B) are as follows: 


Ti8(a,9)(™) = max(T'r()(m), Teng)(™m)), 


Tx6(a,a)(m) = min([p#(a)(m), Lencay(m)), 
Fx 5(a,3)(™) = min( Fp (q)(™), Feng(m)), 
and 6(m) = max("(e)(m), Ne)(m)), Va € A, VG € B, forallt € T. 
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Example 9 Suppose that (F/", A) and (G/, B) are two {T — NSESs} over U, such that 
wt tt ty 
{[(e1,p, 1), (napane TapToD Taam)» 0.4), 
[(es, 7,0), (saozpH DROaDT T0708): 0.3] }. 
(G?,B)= {[(e1,p, 1), (sagtans TapsmD DRT) 0.5], 


[(e2, @, 9), a 0.6]. 


C208 A) = 


Then (F}*, A) V (G7, B) = (K?, A x B) where 


ant 


(K?,Ax B)= {[(e1,p, 1), (e1,, 1), (sagas TapraD DRE) 0.5], 
al 

Kar P; Dy (€2, 9, 0), (5 POSS OTHIED TaN) 0.6), 

ut2 

[(es, 7,0), (e1, p, 1 ) Costigan ontignm TEND)» 0.5], 


ui 
(e3, 7,0), (e2, 4g, 0), (5 ait ie ke), 0.6] f. 


Proposition 5 [f(F/", A) and (G/, B) are time- neutrosophic soft expert sets over U. Then 
(Gi) (FEV AYA(GE B))* = GPA) VG? B)* 
(ii) (EY, A) V (Gis B))°* = CFF, A)° /\ (Gi, By 


Proof The proofs can be easily obtained from relative definitions. 


4 An Application of Time-Neutrosophic Soft Expert Set 


In this section, we present an application of time-neutrosophic soft expert set theory in a 
decision-making problem which demonstrates that this method can be successfully applied to 
problems of many fields that contain uncertainty. We suggest the following algorithm to solve 
time-neutrosophic soft expert based decision making problems. 

Suppose you want to get workplace worker. Five alternatives are as follows: 

U = {u1, ua, us, U4, Us}, suppose there are four parameters E = {€1, €2, e3, ea} where the param- 
eters e;(¢ = 1,2,3,4) stand for “education,” “age,” “capability” and “experience” respectively 
and T = {t1,t2,t3} be set of time. Let X={p,q,r} be a set of experts. From those findings 
we can find the most suitable choice for the decision. After a serious discussion, the experts 
construct the following time-nuetrosophic soft expert set (F/", Z) given in the next page. 

In Tables 1 and 2 we present the agree-time neutrosophic soft expert set and disagree- 
neutrosophic soft expert set. Now to determine the best choices, we first mark the highest 
numerical degree underline in each row in agree-time-neutrosophic soft expert set and disagree- 
time-neutrosophic soft expert set excluding the last column which is the degree of such be- 
longingness of an expert against of parameters. Then we calculate the score of each of such 
expert in agree-time-neutrosophic soft expert set and disagree-time-neutrosophic soft expert 
set by taking the sum of the products of these numerical degrees with the corresponding values 
of A. Then we calculate the final score by subtracting the score of expert in the agree-time- 
neutrosophic soft expert set from the scores of expert in disagree-time-neutrosophic soft expert 
set. The expert with the highest score is the desired expert. 


Score 
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ty ty ty ty 
(FY) a {[(e1, P; 1), (aap aaa Tap Toe TUS OapAOT OHTA) , 0.8}, 

(e1,4, 1), (osnEme Ban TOR OTTO TOTO OFT) 0.5], 
(e1,7, 1), (gadzon amtans: OTOOD TEMS Tata) 0.3), 
(€2, p, 1), (anima: Oxthema) TROT) UST TAEDA» 0.6), 
(€2, 4,1), (crits oriigan natians Tato ots) 0.5), 
(€2, 7, 1), (gens: aritans: UROROH TMI DS TooTTS) 0.4), 
(e3, p, 1), (rane TTeAUD UAL TENET) wmsna 0.1], 
(e3, 4, 1), (crite osthgm Tatieah TRO TTD) 0.7], 
(3,7, 1), (gabgus watizns: TaSLOH THOS Taw) 0.4], 
(ea, p, 1), (cena: OTD) TAMEDD! THAT THES 0.5), 
(ea, q, 1), (Ganzu TROSUD URELTS THUSTD OT OSA) 0.5), 
(4,7, 1), (Gephgon TetDD DAGETD Tao TaeETs) 0.4), 
(€1, p,0), (TERT TROD TREE TaN OTST) 0.8), 

ue ue ut ua 2 
(€1, 9,0), (oxi rar BanZOH USN SO OTosTe OHTA 0.6), 
(e1, 7,0), (sanpme Dango TIVTTH UNTO TOOT 0.7], 
(€2, p,0), (Graaas TeAIOa TAO TOs TONS THO TOS) 0.9], 

a us fy ue 7] 
(€2, 9,0), (sunzme BRATOT ORI LT TEN STR ToT 0.3], 
(€2, 7, 0), (aatigan aaana Tra we TsO ROT Ta GDS) 0.1], 
(¢s, 7.0), (oattznw Tae0s USOGNe URRETH T70R0a) 0.4], 
(e3, 4,0), (arias Tatas Tapas Tau Ne TATA 0.2], 
(€3, 7, 0), (qantgme TrMEDR! AERTS THMLT® TEGSTD) 0.3), 
(¢4,.0), (qrpzms oaeeO TRUST THOT TTS) OG) 

uL 4 A ui2 
(e4, q,0), (qaghsor OatTNs TORTS: TRUSTY T2ISTA) 0.5), 
(e4,7,0), (segue a7 TU seen! Taonee Crono Cll}: 


The following algorithm may be followed by you want to get workplace worker. 
Now calculate the score of u; by using the data in Table 3: 


207 


Score (u1) = 0 
(u) = (0.8 * 0.7) + (0.7 * 0.4) + (0.6 « 0.2) + (0.7 * 0.5) + (0.6 * 0.5) + (0.6 * 0.3) = 1.79 
(u3) = 0 
(ua) = (0.7 « 0.8) + (0.8 * 0.3) + (0.9 « 0.6) + (0.8 * 0.4) = 1.66 
(us) = (0.7 * 0.6) + (0.7 * 0.6) = 0.84 
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Table 1: Agree-time-neutrosophic Soft Expert Set 


(e1,p 
(€2,p 
(€3,p 
(€4,p 
( 

( 

( 

( 

(e1, r 
(e3, r 
(€4, r 
(€1, p 
(€2,p 
(e3,p 
(€4,p 


a 


U2 
2,0. 
1,0. 
2,0. 
2,0. 
3,0. 


-2,U.4,U. 
-4,U.1,U. 
De Sg 


Table 2: Disagree-time-neutrosophic Soft Expert Set 


Now calculate the score of u; by using the data in Table 4: 


+ (0.8 * 0.4) 4 


| (0.7 * 0.2) = 1.56 


+ (0.8 « 0.6) 4 


Score (ui) = (0.7 * 0.8) + (0.7 * 0.3) = 0.77 
Score (u2) = (0.7 * 0.1) = 0.07 

Score (u3) = (0.9 * 0.6) + (0.8 * 0.7) 

Score (t4) = (0.8 * 0.5) + (0.8 * 0.5) 

Score (us) = (0.7 * 0.9) = 0.63. 


The final score of u; is as follows: 


+ (0.9 * 0.3) = 1.55 


UT tm | ets ets 

| (er, p) | 0.2,0.3,0.4 | 0.8,0.2,0.6 | 0.6,0.3,0.5 | 0.4,0.2,0.3 | 0.6,0.3,0.1 | 0.8 | 

| (cap) | 0.6,0.2,0.3 | 0.4,0.2,0.5 | 0.3,0.4,0.1 | 0.7,0.3,0.6 | 0.5,0.2,0.4 | 0.6 | 
q) | 0.4,0.2,0. .5,0.3,0. 

:0,2.0. 103.0 

LoD 
) 
) 
) 
) 


U 
U 


mh 
030, 050.305 [040203 | 0603.07 [08] 


(es) [96.02.03 [0402.05 [030401070306 [05,0204 [0.6] 
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Table 3: Degree Table of Agree-time- neutrosophic Soft Expert Set 


erpet 08 ———=« S| 
esp) put 08 —=r | 
enp)puf 0d ___—~ 0.6 | 
essa) 08 —= | 
Mevrypef 068 ——=r | 
esr) fue fo _—S—= | 
Henry pee 


Table 4: Degree Table of Disagree-time-neutrosophic Soft Expert Set 


(erp) |us{ 7 08 
(esp) [wat OB 0.8 
(esp) |us{ 09 0. 
(eng) fus{ O85 | 
[(eag)fus[ O84 


Mena put 08 far] 
evry 08 ——=~r | 
res.r) pu —= | 


Clearly, the maximum score is the score 1.72, shown in the above for the uz. Hence the best 
decision for experts are to select u2, followed by us. 


5 Conclusion 


The aim of our work, ”time-neutrosophic soft expert set” aid in all areas, will give the best 
decision without the need for experts in the field. In this study, we add the indeterminacy 
parameters and differently previous studies we have shown in this study, could increase the 
number of specialists. We have introduced the concept of time-neutrosophic soft expert set 
which is more effective and useful and studied some of its properties. Also the basic operations 
on neutrosophic soft expert set namely complement, union, intersection, AND and OR have 
been defined. Finally, we present an application of T-NSESs in a decision making problem. 
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